Dialyzed extracts of Acetobacter suboxydans ATCC 621 catalyze "4CO2 assimilation in the presence of phosphoenolpyruvate and a divalent cation. The formation of "4C-oxalacetate was demonstrated and found not to be dependent upon the presence of orthophosphate or diphosphonucleotides. Oxalacetate synthesis was stimulated by orthophosphate and inhibited by aspartate. All attempts to demonstrate a reversible carboxylation mechanism have failed. 14C-aspartate was synthesized when phosphoenolpyruvate, H'4CO8-, pyridoxal phosphate, and glutamate were added to dialyzed extracts. Chromatographic and spectrophotometric analyses and chemical degradation further demonstrate the presence of a reversible aspartate aminotransferase. The function of oxalacetate synthesis in a bacterium that reportedly lacks an operative tricarboxylic acid cycle is discussed.
In 1950, Frateur (15) divided the genus Acetobacter into four groups based on their "oxidizing power": peroxydans, oxydans, mesoxydans, and suboxydans. In contrast to other Acetobacter species, the suboxydans group is characterized (9, 32) as having no tricarboxylic acid cycle and utiing the pentose cycle exclusively for terminal oxidation of a large number of substrates. Evidence supporting the absence of an active tricarboxylic acid cycle in A. suboxydans is based on the inability of whole cells or cell-free extracts (14, 16, 17, 18, 19, 32 ; M. R. R. Rao (23, 39) (15, 23) , to liberate 14CO2 from radioactive acetate incubated in the presence of glucose (19) acid cycle and the ability of this obligate aerobe to grow in the absence of aspatrate (26, 27) has prompted Rao (27) and Cheldelin (9) to question the synthetic mechanism by which A. suboxydans forms the C4-and C5-amino acids that normally arise from this cycle's intermediates. Cheldelin (9) 10 liters of growth medium aerated with a Ringer sparger at a rate of 8,000 cc/min. Cells were harvested by centrifugation at 5 C and 14,000 X g at the end of exponential growth and either used immediately or stored at -20 C.
Cell extracts. Cdlls were suspended in 0.1 M Tris buffer, pH 7.5, at a ratio of 1:2 (w/v). Portions (50 ml) were treated with a 10-kc Raytheon sonic oscillator for 5 min at an output current of approximately 1.3 amp and were centrifuged at 34,000 X g for 60 min to remove cellular debris. The resulting supernatant fluid was designated 34s60 following the terminology of Alexander and Wilson (1). The 34s60 extract was either (i) used without further treatment, (ii) dialyzed against three 30-volume changes of 0.001 M Tris buffer (pH 7.5) for 18 hr, or (iii) dialyzed; then two volumes of extract were treated with one part, by weight, of Dowex-1 resin (chloride form) while stirring in the cold for 15 min to remove endogenous nucleotides (31) . Protein concentration of the extract was determined by biuret method using crystalline bovine gamma-globulin standards.
Assay for phosphoenolpyruvate carboxylation. Reaction mixture components were added to glassstoppered test tubes, and a cell-free extract was added to initiate the reaction. After 30-min incubation at 28 C, the radioactive phenylhydrazones were formed and extracted according to the procedure of Maruyama and Lane (24) .
Spectrophotometric detection of aspartate aminotransferase. The quantity of oxalacetate formed by transamination of aspartate to 2-oxoglutarate was determined in a manner similar to that described by Bergmeyer and Brent (7) . Reaction mixtures consisted of extract, PyrPO4, and Tris buffer (pH 7.5). To reduce endogenous oxidants in the cell extract, NADH was added to the reaction mixture until its oxidation could no longer be measured at 340 nm. Additional NADH was introduced, 2-oxoglutarate and MDH were added, and the transamination reaction was initiated by adding aspartate.
Chromatography of reaction products. The 2,4-dinitrophenylhydrazones were separated on Whatman no. 3 filter paper by an ascending flow of either n-butyl alcohol, ethyl alcohol, 0.5 N NH40H (7:1:12), or n-butyl alcohol saturated with 3% (w/w) NH40H. Radioactive amino acids were separated on this paper by a descending flow of pyridine, acetic acid, water (10:7:3) and detected by exposure to Kodak NoScreen X-ray film. Nonradioactive reaction mixtures were first deproteinized with HCI; then the supernatant fraction was dried by exposure to a stream of nitrogen. Partial separation of amino acids from inorganic salts was achieved by overnight exposure of the dried reaction products to cold ethyl alcohol. The ethyl alcohol fraction was then exposed to twodimensional paper chromatography using phenolwater (80:20) and butyl alcohol-propionic acid water (47:22:31).
RESULTS

14CO2 assimilation and product identification.
Undialyzed 20s20 extracts catalyzed the fixation of "CO2 into the acid-soluble portion of reaction mixtures containing phosphoenolpyruvate to routinely yield ca. 5,000 counts per min per mg of protein when assayed according to the procedure of Baugh et al. (6) . When samples of aciddeproteinized reaction mixtures were mixed with known oxalacetate and a saturated solution of 2 ,4-dinitrophenylhydrazine in 2 N HCI, the resulting dinitrophenylhydrazone crystals were radioactive and corresponded to known oxalacetate-2,4-dinitrophenylhydrazone when subjected to chromatography and radioautography (Table 1) .
Requirements for and inhibitor effect on oxalacetate synthesis. Phosphoenolpyruvate serves as a substrate for carboxylation by A. suboxydans extracts (Table 2) . Pyruvate, pyruvate and guanosine triphosphate (GTP), pyruvate and NADPH, or pyruvate, GTP, and acetyl-CoA cannot substitute for phosphoenolpyruvate.
The effect of acetyl-CoA was found to depend upon the concentration used in reaction mixtures.
Concentrations of less than 2 Mmoles of acetyl-
CoA per mg of protein were slightly stimulatory, and concentrations above this were inhibitory. For a given protein concentration, acetyl-CoA became inhibitory if the acetyl-CoA-phosphoenolpyruvate ratio was raised above 1: 3. The addition 692 in Table 3 . If the extract or aspartate and 2-oxoglutarate were not added to the assay system, oxalacetate was not formed. Some NADH was oxidized in the absence of aspartate by undialyzed extracts. The quantity of NADH oxidized in the presence of aspartate and 2-oxoglutarate varied from 0.6 to 1.9 Amoles/3 min when 3.0 mg of extract protein previously exposed to NADH was employed. The addition of PyrPO4 stimulated the rate of this reaction. Table 4 demonstrates chromatographic evidence for the reversibility of aspartate aminotransferase in extracts of this bacterium. When reaction mixtures similar to reactions 1 to 4 (Table 4) were stopped by boiling and the quantity of glutamate formed determined by the Radioactive aspartate was formed by cell extracts when 5 ,moles of PyrPO4 and 34smoles of glutamate were added to reaction mixtures containing phosphoenolpyruvate and H14C02-. When reaction mixtures were deproteinized and analyzed by paper chromatography and radioautography, the presence of radioactive aspartate was clearly demonstrated (Fig. 1) (3, 4, 5, 25, 35) suggest that an enzyme similar to PEP-carboxykinase (EC 4.1.1.32) is not present in our extracts.
Nucleotide inhibition of CO2 assimilation has been reported in reactions catalyzed by plant (9) . The reported synthesis of "4C-aspartate in the presence of "4C-glucose or 14C02 but not in the presence of "4C-acetate (9) supports our proposal that PEP-carboxylation and subsequent transamination of the oxalacetate with an organic amino donor is an important mechanism for the synthesis of aspartate in A. suboxydans ATCC 621.
